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(g) Communication technique employing variable information transmission rate function of quality. 

(57) A communication method wherein rate of 
information transfer with a given signal trans- 
mitted or received at a transceiver node (e.g. 
101) is dynamically varied as a function of the 
relative quality of the transmission environ- 
ment. The method employs a responsive buffer- 
ing process (in 107) at each communication 
node that permits this rate to be varied some- 
what independently of the rate at which infor- 
mation is transferred to or from the transceiver 
node. In a particular application, the invention 
permits information to be exchanged between a 
wireless signal (from 116) having a variable 
error correction bandwidth and a fixed 
bandwidth data stream (108,115,111). 
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Background Of The Invention 

For field managers, as well as field sales and ser- 
vice personnel, the ability to conveniently and rapidly 
transmit and/or receive messages to and from a cen- 
tral data base is essential. However, the mobile na- 
ture of these and many other occupations makes ac- 
cess to wireline terminals impractical, if not impossi- 
ble. Modern wireless two-way messaging systems, 
such as commercial remote data terminal networks, 
are directed to supporting the mobile data messaging 
needs of such professionals as they travel about the 
coverage area of the messaging network. These net- 
works typically operate within the frequency range re- 
served for cellular communications, and require a 
bandwidth on the order of 25 MHz. 

Within such networks, users employ transport- 
able field transceivers to contact one or more regional 
processors, and thereby gain access to the network 
and a central application host/database. Typically, as 
a user moves about the coverage area, signals trav- 
eling between the mobile and regional processors are 
subject to fading (i.e., random signal variations usu- 
ally induced by atmospheric conditions and/or the 
surrounding topography). These variations can intro- 
duce bit errors into the data being passed to and from 
the mobile transceiver. The standard protocols and 
relatively unintelligent regional processors employed 
within the networks dictate that a substantial fixed 
portion of the transmission bandwidth be dedicated to 
error correction. This naturally reduces the bandwidth 
available to a user for sending and receiving informa- 
tion. The error correction afforded by this information 
bandwidth reduction is indeed necessary when a user 
is in an area where fading is evident. However, in an 
environment where fading is minimal or zero, suc- 
cessful transmission and reception of information can 
be accomplished with reduced error correction. If the 
percentage of bandwidth dedicated to error correction 
were to be dynamically adjusted in response to the 
relative fading a user was experiencing, the informa- 
tion bandwidth could be maximized. This type of dy- 
namic bandwidth management is employed within 
certain facsimile machine protocols, so that if the tel- 
ephonic connection between two facsimile machines 
is of high quality (i.e., induces minimal bit errors) the 
amount of error correction is reduced, and the band- 
width afforded to information transmission is in- 
creased. Unfortunately, current wireless two-way 
data networks are unable to employ dynamic band- 
width management. In order to accommodate dynam- 
ic variations in the information bandwidths of the field 
transceivers employed within a wireless two-way 
data network, the information bandwidths of the as- 
sociated regional processors and central application 
host/database would have to be responsively varied 
in a similar dynamic manner. The transceivers, proc- 
essors and protocols utilized within present wireless 



two-way data networks are simply not adapted to 
support such bandwidth dynamics. 

Summary Of The Invention 

5 

The aforementioned problems and limitations are 
solved, in accordance with the principles of the inven- 
tion, by providing a communication method wherein 
rate of information transfer with a given signal trans- 

10 mitted or received at a transceiver node is dynamical- 
ly varied as a function of the relative quality of the the 
transmission environment. The method employs a re- 
sponsive buffering process at each communication 
node that permits this rate to be varied somewhat in- 

15 dependency of the rate at which information is trans- 
ferred to or from the transceiver node. In a particular 
application, the invention permits information to be 
exchanged between a wireless signal having a vari- 
able error correction bandwidth and a fixed band- 

20 width data stream. 

Brief Description Of The Drawing 

In the drawing: 

25 FIG. 1 shows, in simplified block diagram form, a 
wireless two-way messaging system incorporat- 
ing a particular embodiment of the invention; and 
FIG. 2 shows, in simplified block diagram form, a 
wireless two-way messaging system incorporat- 

30 ing a particular embodiment of the invention. 

Detailed Description Of The Invention 

FIG. 1 is a simplified block diagram showing a 

35 wireless two-way messaging system incorporating a 
particular embodiment of the invention. As shown, 
base transceivers 101 and 102 are connected via in- 
formation channel wirelines 103 and 104, and control 
wirelines 105 and 106 to regional control processor 

40 ("RCP") 107, and RCP 107 is connected to satellite 
hub 108 via wireline 109. Each base transceiver is 
adapted to receive, transmit and process radio sig- 
nals having a fixed channel bandwidth B. Network 
Gateway Controller ("NGC") 110 is shown to be con- 

45 nected to satellite hub 111 by wireline 112, and to ap- 
plication host/database ("AH/D") 113 by wireline 114. 
The communication link provided by satellite hubs 
108 and 111 and direct broadcast satellite 115 is re- 
ferred to as the backbone message transport ("BMT") 

so link. Field transceiver 116 is shown to be located in 
the vicinity of base transceiver 101. Field transceiver 
116 is adapted to transmit and receive encoded radio 
signals having a fixed channel bandwidth B. A portion 
of this bandwidth, designated I, is employed to carry 

55 information, and the remainder of bandwidth B, des- 
ignated E, is used to provide error correction for the 
information portion of the signal. Typically, forward 
error correction would be employed, but other coding 
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schemes could also be used. The system illustrated 
In FIG. 1 can be viewed as a communication network 
wherein a transmission form end to end would involve 
a minimum of six nodes (a field transceiver, a base 
transceiver, an RCP, a BMT link, an NGC and an 5 
AH/D). 

For a particular method of practicing the inven- 
tion, field transceiver 116 initiates a request to receive 
data from AH/D 1 1 3 by transmitting an encoded radio 
signal of bandwidth B. Such a request would include 10 
information as to the identity of the field transceiver 
and the particular data and AH/D being queried. As 
shown in FIG. 1, field transceiver 116 includes radio 
transmitter/receiver ("T/R") 117, controller 118, mem- 
ory 119, and interface 120. Since this is an initial 15 
transmission, controller 118 would instruct trans- 
mit/receive unit 118 to employ a predetermined por- 
tion of bandwidth B for the purposes of error correc- 
tion (the predetermined portion, designated Ei, would 
be set as a function of information retrieved by con- 20 
trailer 118 from memory 119). The encoded signal 
(containing information of bandwidth B-E,, and error 
correction of bandwidth E,) would then be transmitted 
from T/R 117 for reception by a base transceiver. 

The signal transmitted by field transceiver 116 is 25 
received, and processed by base transceiver 101. 
Upon receipt of the signal by T/R 121 , controller 122 
within base transceiver 101 performs a qualitative as- 
sessment of the signal. If it is determined that present 
transmission environment requires a level of error 30 
correction higher than that afforded by bandwidth E, 
(i.e., radio channel quality is poor), or if an information 
reduction ("IR") signal is received from RCP 107, a 
message instructing field transceiver 116 to increase 
the error correction bandwidth to an appropriate level 35 
is generated by controller 122 and transmitted by 
base transceiver 101. Controller 118 of field trans- 
ceiver 116 responds by increasing the bandwidth de- 
voted to error correction to some value E 1+ (where 
E-^EO, and re-transmits the previously transmitted 40 
information at a reduced bandwidth of B-E 1+ . All com- 
munications between field transceiver 116 and base 
transceiver 1 01 will be carried out at this increased er- 
ror correction level until an assessment of the signal 
received at base transceiver 101 indicates that a dif- 45 
ferent level of error correction (either higher or lower) 
is merited. If, however, the assessment of the initial 
signal received from field transceiver 116 indicates 
that the present transmission environment would tol- 
erate signals with a lesser degree of error correction 50 
controller 122 generates a message instructing field 
transceiver 116 to decrease the error correction 
bandwidth to a value of E r (where E^E,). This mes- 
sage is then transmitted to field transceiver 116 by 
base transceiver 101; although transmission of this 55 
message may be prohibited if controller 122 receives 
an IR signal from RCP 107 via control wireline 105. 



However, assuming controller 122 is not receipt of 
such an IR signal, communications between field 
transceiver 116 and base transceiver 101 will be car- 
ried out using this decreased error correction level un- 
til an assessment of the signal received at base trans- 
ceiver 101 indicates that a different level of error cor- 
rection is merited, or until controller 122 receives an 
IR signal from RCP 1 07. Naturally, if the quality of the 
initial signal received at base transceiver 1 01 is found 
to be commensurate with the level of error correction 
provided by bandwidth E 1f there is no need to alter the 
information/error correction bandwidth proportions 
for future communications, and no message regard- 
ing such need be sent to field transceiver 11 6 until an 
assessment of the received signal at base transceiver 
101 indicates otherwise. 

Naturally, as the ratio of error correction band- 
width versus information bandwidth is altered, the 
rate at which base transceiver 101 receives field 
transceiver 11 6's request for data from AH/D 1 1 3 va- 
ries. As a result, the rate at which data travels from 
base transceiver 101 to RCP 107 along information 
channel wireline 1 03 fluctuates. The data received by 
RCP 107 on information channel wireline 103 is 
passed to wireline 109 and the BMT link (which in- 
cludes satellite 115, and satellite hubs 108 and 111). 
RCP 1 07 functions to provide an intelligent buffer be- 
tween the fluctuating rate data arriving on informa- 
tion channel wireline 1 03 and the fixed data rate of the 
BMT link. RCP 107 also embeds information reflect- 
ing the aggregate rate at which data is being collected 
from base transceivers, and the fullness of buffer 
125, into the data stream transmitted along wireline 
109. 

As shown in FIG. 1, RCP 107 includes controller 
123, and buffers 124 and 125. Controller 123 func- 
tions to monitor the rate at which data is being sent to 
and from the various base transceivers connected to 
buffer 124, as well as the rate at which data is being 
sent to buffer 1 25 from the BMT link. Via control wire- 
line 105, controller 123 receives information from 
controller 122 regarding the rate at which data from 
base transceiver 1 01 will be sent to buffer 1 24. If con- 
troller 123 determines that the aggregate incoming 
data rate to buffer 124 is equal to the fixed rate at 
which data may be passed through the BMT link, the 
incoming data is multiplexed or packetized within 
RCP 107, and then passed to satellite hub 108 via 
wireline 109. If, however, controller 123 determines 
that the aggregate incoming data rate to buffer 124 is 
less than the fixed data rate of the BMT link, RCP 1 07 
will effectively elevate the data rate by adding bits to 
the data stream before it is transmitted along wireline 
109. These additional bits are inserted in a way that 
will not affect the information carried by the data 
stream (a practice commonly referred to as "bit stuff- 
ing"). Contrastingly, if controller 123 determines that 
the aggregate incoming data rate to buffer 124 is in 
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excess of the maximum BMT link data rate, the incom- 
ing data will be stored in buffer 124 as it arrives, and 
allowed to pass through to wireline 1 09 at a rate equal 
to the maximum BMT linkdata rate. This will of course 
result in an accumulation of information within buffer 
124 as the data rate in is greater than the data rate 
out. The period over which RCP 107 can sustain such 
an uneven data flow is a function of the size of buffer 
124 and the aggregate rate at which data continues 
to enter buffer 124. 

If controller 123 determines that buffer 124 is in 
danger of becoming full (a condition that would result 
in the loss of any data subsequently transmitted to 
RCP 107 from base transceivers), it sends an IR sig- 
nal to base transceiver or transceivers currently 
transmitting information to RCP 107 (in this case, 
base transceiver 101). This IR signal causes control- 
ler 122 within the base transceiver 1 01 to increase the 
bandwidth being used for error correction in commu- 
nicating with field transceiver 116, thereby reducing 
the information bandwidth. This effectively diminish- 
es the rate at which base transceiver 101 will transfer 
information to buffer 1 24, and allows for that buffer to 
be emptied. When controller 123 determines that buf- 
fer 124 is no longer in danger of becoming full, it will 
discontinue the IR signal being transmitted to base 
transceiver 101. Controller 1 22 will then be free to re- 
duce the bandwidth devoted to error correction to a 
level suitable for the transmission environment 

After passing through buffer 124 107 and the 
BMT link, the signal from RCP 1 07 (which includes in- 
formation as to the identity of field transceiver 116 
and the particular data and AH/D being queried, as 
well as information reflecting the aggregate rate at 
which data is being collected by RCP 107, and the 
fullness of buffer 125) arrives at NGC 110 via wireline 
112. NGC 110 depacketizes or demultiplexes the re- 
ceived signal, depending upon the encoding method 
employed by RCP 107, and routes the information 
contained in the signal to buffer 126. Controller 127 
retrieves information relating to the identity of field 
transceiver 116 and AH/D 113 (the particular AH/D 
being queried) from the buffered signal and com- 
pares it to a listing of approved subscribers stored in 
database 128. If field transceiver 116 is found to be a 
subscriber approved to receive information from 
AH/D 113, controller 127 allows the request for infor- 
mation to be passed from buffer 126 to AH/D 113 at 
a fixed rate via wireline 114. This fixed rate is set by 
controller 127 as a function of stored information re- 
trieved from database 1 28. Database 1 28 contains in- 
formation regarding the particular data transmission 
capabilities of any and all AH/Ds connected to NGC 
110. Controller 129 within AH/D 113, in response to 
the received request, retrieves the needed informa- 
tion from database 1 30, and transmits it at a fixed rate 
to buffer 131 via wireline 114. Controller 129 also em- 
beds information as to the identity of the intended re- 



cipient of the information (field transmitter 116) into 
the data stream transmitted along wireline 114. 

Controller 127 transfers the data received by buf- 
fer 131 to the link BMT via wireline 112. This data 

5 transfer must take place at the fixed rate required by 
the BMT link. As this fixed BMT rate is not necessarily 
equal to the rate at which AH/D 113 transfers data, 
buffer131 is needed. If controller 127 determines that 
the incoming data rate to buffer 131 is less than the 

10 fixed data rate of the BMTIink, NGC 110 will elevate 
the data rate by bit stuffing. Controller 127 may pause 
before allowing the data stored in buffer 131 to be 
transferred to the BMT link. This pause would be en- 
tered into if controller 127 had received a message in- 

15 dicating that buffer 125 of RCP 107 was nearly full 
(such information was included in the data requesting 
signal received from RCP 1 07). The pause may be for 
a fixed period or until controller 127 receives informa- 
tion from RCP 107 that buffer 125 was no longer in 

20 danger of becoming full. In any case, the data is 
transferred from the BMT link to buffer 125 via wire- 
line 109. 

Upon receipt of the data intended for field trans- 
ceiver 117 being stored in buffer 125, controller 123 

25 causes it to be transferred along information channel 
wireline 103 to base transceiver 101. The rate at 
which the data is transferred to base transceiver 101 
is equal to the rate at which data was last received by 
RCP 107 from base transceiver 101 . This data rate is 

30 commensurate with the error correction/information 
bandwidth ratio employed by field transceiver 116 in 
making the request for data. By returning data to base 
station 101 along information channel wireline 103 at 
this rate, a signal carrying the requested information 

35 may be readily transmitted back to transceiver 116 

bandwidth ratio ~ A level of error correction suitable 
for the present transmission environment and overall 
system data load. 

40 In the above transmission scenario, it was as- 
sumed that field transceiver 116 was transmitting in 
an area serviced by base transceiver 1 01 . As multiple 
base transceivers may be employed within a wireless 
two-way messaging system, signals transmitted to 

45 and from a field transceiver may be received by dif- 
ferent base transceivers (such as base transceiver 
1 02) depending upon the location of a field transceiv- 
er. Base transceiver 102, which operates in manner 
similar to that of base transceiver 101, is shown in 

50 FIG. 1 to include controller 132 and T/R 133. The re- 
ception and passing of a received signal among vari- 
ous base transceivers can be managed in a fashion 
similar to that of a cellular telephone signal being 
passed from cell to cell. In addition, as multiple base 

55 transceivers can be employed, RCP 107 may simul- 
taneously receive more than one signal originating 
from more than one field transceiver, or receive more 
than one signal from the BMT link intended for more 
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than one field transceiver. This additional information 
flowing through the system merely adds to the aggre- 
gate information flow and is compensated for through 
the buffering and information reduction processes 
described above. 5 

FIG. 2 is a simplified block diagram showing a 
second wireless two-way messaging system incor- 
porating components similar to those shown in FIG. 
1. The system includes BMT 201 which is linked by 
wirelines 202, 203, 204 and 205 to RCPs 205, 206 10 
and 207. Each of the RCPs is shown to be linked by 
control and information channel wirelines to two base 
transceivers, which are numbered 208 through 213. 
BMT 201 is also shown to be linked by wirelines 214, 
215 and 216 to NGCs 217 and 218. Each of these 15 
NGCs is linked by wireline to two AD/Hs, numbered 
219 through 222. In practicing a particular embodi- 
ment of the invention within the system of FIG. 2, com- 
munications are carried out between the base trans- 
ceivers and various field transceivers (not shown). 20 
The field transceivers exchange information with the 
AH/Ds via radio transmissions, wirelines, base trans- 
ceivers, NGCs and a BMT in a manner similar to that 
described for the system of FIG. 1 . 

The major difference in operation between the 25 
system of FIG. 2 and the system of FIG. 1 is an addi- 
tional level of control facilitated by the control wire- 
lines 223, 224 and 225. As shown, wirelines 223 and 
224 connect all of the RCPs within the system togeth- 
er, thereby allowing the controllers within each of the 30 
RCPs to share information regarding the present level 
at which each is allowing data to be passed to wireline 
202 for transmission to BMT 201 . By allowing each of 
the RCPs to track the rate of information transmission 
of the other two RCPs, the aggregate data rate flow- 35 
ing along wireline 202 can be kept to a level matching 
the fixed data rate of BMT 201 . To regulate this aggre- 
gate data rate, the buffers within each of RCPs em- 
ploy variable buffering to allow the rate of data exiting 
each RCP to be varied somewhat independently of 40 
the rate at which data is received by a given RCP from 
any associated base transceivers (the buffering is 
performed in a manner similar to that described for 
RCP 107 of FIG. 1). 

Control wireline 225 provides a link between 45 
NGC 217 and NGC 218. This link allows the control- 
lers within the NGCs to share information regarding 
the level at which each is allowing data to be passed 
to BMT 210 via wireline 214. Each of the NGCs can 
then determine the aggregate rate at which data is 50 
flowing along wireline 214. By utilizing the buffers 
contained within each NGC, the controllers can reg- 
ulate this aggregate data flow to matching the fixed 
data rate of BMT 201 (this inter-NGC buffering is per- 
formed in a manner similar to the buffering described 55 
for RCP 107 of FIG. 1). The inter-NGC buffering is 
performed in addition to the any other buffering or in- 
formation reduction processes normally carried out 



within an NGC (such as those described above for 
NGC 110 of FIG. 1). 

The above-described invention provides a prac- 
tical technique for effecting variable error-correction 
wireless communications within a communication 
system, wherein the bandwidth dedicated to wireless 
signal error correction is varied in response to fading 
within the transmission environment, and the rate at 
which information is accumulating within the nodes of 
the communication system. It will be understood that 
the particular methods described are only illustrative 
of the principles of the present invention, and that va- 
rious modifications could be made by those skilled in 
the art without departing from the scope and spirit of 
the present invention, which is limited only by the 
claims that follow. One such modification would in- 
clude applying the method of this invention to a sys- 
tems employing a wireline BMT link. 



Claims 

1. A method for transmitting information within a 
communication system comprising an endpoint 
node, an intermediate node and a distant node; 
said method comprising the steps of: 

transmitting information between said en- 
dpoint node and said intermediate node at a va- 
riable rate via an information channel, said vari- 
able rate being a function of the transmission 
quality afforded by said information channel; 

transmitting, from said intermediate node 
to said distant node, a signal indicating the pres- 
ent variable rate at which information is being 
transmitted between said endpoint node and said 
intermediate node; and 

transmitting information between said dis- 
tant node and said intermediate node at a rate de- 
termined as a function of said present variable 
rate of transmission between said endpoint node 
and said intermediate node. 

2. The method of claim 1 wherein said information 
transmitted between said distant node and said 
intermediate node is then transmitted from said 
intermediate node to said endpoint node at a rate 
equal to said present variable rate of transmis- 
sion between said endpoint node and said inter- 
mediate node. 

3. A method for transmitting information within a 
communication system comprising an endpoint 
node, an intermediate node and a distant node; 
said method comprising the steps of: 

transmitting information between said en- 
dpoint node and said intermediate node at a va- 
riable rate via a wireless information channel, 
said variable rate being a function of the trans- 



5 



EP 0 651 531 A2 



10 



mission quality afforded by said wireless informa- 
tion channel; 

transmitting, from said intermediate node 
to said distant node, a signal indicating the pres- 
ent variable rate at which information is being 
transmitted between said end point node and said 
intermediate node; and 

transmitting information between said dis- 
tant node and said intermediate node at a rate de- 
termined as a function of said present variable 
rate of transmission between said endpoint node 
and said intermediate node. 

4. The method of claim 1or3 wherein said rate de- 
termined as a function of said present variable 
rate of transmission between said endpoint node 
and said intermediate node is equal to said pres- 
ent variable rate of transmission between said 
endpoint node and said intermediate node. 

5. The method of claim 3 wherein said information 
transmitted between said distant node and said 
intermediate node is then transmitted from said 
intermediate node to said endpoint node via a 
wireless information channel at a rate equal to 
said present variable rate of transmission be- 
tween said endpoint node and said intermediate 
node. 

6. A method for transmitting information within a 
communication system comprising: 

a wireless field transceiver adapted to 
transmit and receive information via a first chan- 
nel having a fixed bandwidth; 

a base transceiver adapted to transmit in- 
formation to, and receive information from said 
wireless field transceiver via said first channel, 
and 

a remote data base adapted to transmit in- 
formation to and receive information from said 
base transceiver via a second channel; 

said method comprising the steps of: 

transmitting information between said 
wireless field transceiver and said base trans- 
ceiver at a variable rate via said first channel, said 
variable rate being a function of the transmission 
quality afforded by said first channel; 

transmitting, from base transceiver to said 
remote data base, a signal indicating the present 
variable rate at which information is being trans- 
mitted between said wireless field transceiver 
and said base transceiver; and 

transmitting information between said re- 
mote data base and said base transceiver, via 
said second channel, at a rate determined as a 
function of said present variable rate of transmis- 
sion between said wireless field transceiver and 
said base transceiver. 



7. The method of claim 6 wherein said rate deter- 
mined as a function of said present variable rate 
of transmission between said wireless field 
transceiver and said base transceiver is equal to 

5 said present variable rate of transmission be- 

tween said wireless field transceiver and said 
base transceiver. 

8. The method of claim 6 wherein said information 
10 transmitted between said remote data base and 

said base transceiver is then transmitted from 
said base transceiver to said wireless field trans- 
ceiver at a rate equal to said present variable rate 
of transmission between said remote data base 
15 and said base transceiver. 

9. The method of claim 6 wherein said second chan- 
nel includes a fixed rate information transmission 
channel. 

20 

10. A method for transmitting information within a 
communication system comprising: 

a plurality of wireless field transceivers, 
each adapted to transmit and receive information 

25 via a separate channel having a fixed bandwidth; 

a plurality of base transceivers, each 
adapted to transmit information to, and receive 
information from said plurality of wireless field 
transceivers via said separate channels, and 

30 a plurality of remote data bases adapted to 

transmit information to and receive information 
from said plurality of base transceivers via a sec- 
ond channel, and further adapted to transmit in- 
formation to each of said plurality of wireless field 

35 transceivers; 

said method comprising the steps of: 
transmitting information between at least 
one of said plurality of wireless field transceivers 
and at least one of said plurality of base trans- 

40 ceivers, each of said transmissions being per- 
formed at a variable rate via one of said separate 
channels, wherein the particular variable rate of 
transmission for each of said separate channels 
is a function of the transmission quality afforded 

45 by each separate channel; 

transmitting from at least one of said plur- 
ality of base transceivers to at least one of said 
plurality of remote data bases, via said second 
channel, a signal indicating the present variable 

so rate at which information is being transmitted be- 

tween each of said plurality of wireless field 
transceivers and said one of said plurality of base 
transceivers; and 

transmitting information between at least 

55 one of said plurality of remote data bases and at 

least one of said plurality of base transceivers, at 
a rate determined as a function of said present 
variable rates of transmission between said plur- 
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ality of field transceivers and each of said base 
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(57) The present invention is directed to a TDMA 
communication system which is adapted to different 
communication environments or prepares different 
communication environments and allows each mobile 
station to be set for working in any one of the different 
communication environments. This enables the mobile 
terminal to conduct communications in different com- 
munication environments and at different transmission 
rates. An office communication environment, a walking- 
speed mobile-communication environment, a vehicle- 
running-speed mobile-communication environment and 
a satellite communication environment are separately 
constructed and connected to each other by a commu- 
nication network Each environment system has a 
mobile exchanging function, a base-station function 
with a transmitter-receiver and mobile-station function 
with a transmitter-receiver to realize communication 
therein. The communication system commonly uses a 



TDMA format that has a fixed frame-length and a con- 
stant number of bits for each of the slots composing the 
frame. The communication environments have pre- 
pared respective sets of communication conditions, 
each set including a transmission power, a modulating 
method, the number of multiplexed signals, error-cor- 
rection, an antenna gain, a frequency hopping value 
and a diversity value. At each mobile station and each 
base station, one of plural sets of communication condi- 
tions for respective environments is selected to estab- 
lish communication with each other under the selected 
environment. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a communication system using a TDMA (Time-Division Multiple-Access) method 
and more particularly to a communication system which adapts to different communication environments or provides 
different communication environments for transmitting and receiving signals. 

The highly-advanced information technology era has brought with it the increasing demand for systems and 
devices allowing users to conduct wireless (radio communication) telephone or data-communications in a variety of sit- 
to uations, e.g., during walking outdoor or moving on a vehicle or working in an office. The present rapid development of 
infrastructures for various kinds of communication systems such as telecommunications with cordless telephones, port- 
able telephones and local-area networks (LAN) radio-communications makes it possible for any one to communicate 
with any other person any time at any place. 

However, many infrastructures have incompatible systems that require the use of specially designed terminals, pre- 
75 venting terminals from being used in common between the systems. For example, two representatives of TDMA com- 
munication systems, i.e.. Personal Digital Cellular system (PDC) and Personal Handy-phone system (PHS) are 
incompatible and use different radio-frequencies, transmission power values, a number of slots per frame, bit rates, 
methods for coding and decoding audio signals and so on. 

The incompatibility of the communications systems requires users to use different devices (PHS, PDC, Pagers and 
20 so on) specially designed for respective systems to make wireless (radio communication) telephone or data-communi- 
cations during walking or from a vehicle or from an office. This is inconvenience for users. A terminal that can realize 
functions of two different systems may be manufactured with an increased dimension because it must contain many 
processing circuits that cannot be commonly used. 

25 SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to provide a TDMA communication system which adapts to different 
communication environments or prepares different communication environments for communications between mobile 
stations and base stations and allows each mobile terminal to conduct radio-communication at different transmission 
30 rates under different environments. 

(1) An object of the present invention is to provide a TDMA communication system for executing communications 
between mobile stations and a base station using a TDMA method, wherein a TDMA format that has a constant 
time of a frame length and a constant number of bits in each of slots composing a frame is used as a common-use 

35 communication data format and each of the mobile and base stations is provided each with a communication 
device for processing communication signals based on the TDMA format, which device can operate in any one of 
plural different Communication environments designated by selecting a corresponding one of prepared sets of 
environmental communication conditions each including a transmission power value, a modulation method, the 
number of multiplexed signals and an error-correction method. 

40 (2) Another object of the present invention is to provide a TDMA communication system as mentioned (1) above, 
which is characterized in that communications between the mobile stations and the base station are made by 
means of radio communication in a selected communication environment with the prepared conditions including 
additional conditions such as an antenna gain, a diversity method and frequency hopping. 

(3) Another object of the present invention is to provide a TDMA communication system as mentioned (1) or (2) 
45 above, which is characterized in that priority of the different communication environment conditions are registered 

in a data base allowing the communication devices to select one of the communication environments according to 
the preset priority. 

(4) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
(1) to (3) above, which is characterized in that the plural sets of different communication environment conditions are 

so prepared for at least two of different environments comprising an office communication environment, a walking- 
speed communication environment, a mobile-running-speed communication environment and a satellite communi- 
cation environment. 

(5) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
(1) to (4) above, which is characterized in that the base station generates individually each set of the communica- 

55 tion environment conditions and broadcasts the generated environmental information and each mobile station 
receives the broadcasted information and automatically selects a corresponding one of the prepared sets of the 
communication conditions according to the received information of communication-environment conditions. 

(6) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
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(1) to (4) above, which is characterized in that any of the prepared sets of the communication conditions can be 
manually selected and set. 

(7) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
(1) to (6) above, which is characterized in that equalizing means with an adaptive equalization mode being changed 

5 according to a selected one of the communication environments are additionally provided for improving a bit error 
rate in a fading channel. 

(8) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
(1) to (7) above, which is characterized in that the system is provided with a data base for controlling whole com- 
munication environments of mobile stations communicating with other mobile stations through the base station 

10 over a radio channel established between them and the data base is adaptable to changing channel connections 
from one environment to another different environment. 

(9) Another object of the present invention is to provide a TDMA communication system as mentioned any one of 
(1) to (8) above, which is characterized in that the TDMA format is a format that can be commonly used by a per- 
sonal handy-phone system (PHS). 

15 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is illustrative of a structure of a whole TDMA communication system embodying the present invention. 
FIG. 2 is a construction diagram of a transmitter-receiver which is a component of the TDMA communication sys- 
20 tern according to the present invention. 

FIG. 3 is illustrative of an exemplified structure of a TDMA frame and slots, which is used in a TDMA communication 
system according to the present invention. 

FIG. 4 depicts an example of specifications on respective environments created by the TDMA communication sys- 
tem according to the present invention. 
25 FIG. 5 depicts an example of a unique word pattern in construction of slots shown in FIG. 3. 

FIG. 6 depicts an example of BER characteristics obtained by an array combining type adaptive equalizer used for 
16QAM. 

PREFERRED EMBODIMENTS OF THE INVENTION 

30 

Preferred embodiments of the present invention will be described below in detail with reference to accompanying 
drawings. 

Fig. 1 depicts a structure of a TDMA communication system according to the present invention. 

As shown in Fig. 1 , the system provides respective communication environments such as an office communication 

35 environment, a walking-speed mobile communication environment, a vehicle-running-speed mobile communication 
environment and a satellite communication environment, all of which are connected with each other through a commu- 
nication network. There is shown an example of the TDMA communication system wherein the system of the vehicle- 
running-speed environment includes the system of the walking-speed environment with mobile stations (i.e., the latter 
system without any modification of the preset conditions can be a component of the former system). 

40 The system according to each of the communication environments has a mobile-exchange function, a base-station 
function and a mobile-station function as its components. Each base station and each mobile station have a transmitter- 
receiver set for executing the system operations. 

The communication network interconnecting the system in respective communication environment includes a data 
base containing records and certificates of identification numbers of mobile terminals existing within the service area, 

45 the current conditions of environment for the terminals, classes of the terminals, and so on. Accordingly, each mobile 
terminal can adapt to each communication environment when moving from one environment to another different envi- 
ronment. 

Fig. 2 depicts an exemplified structure of a transmitter-receiver of a mobile station that is a component of the TDMA 
communication system according to the present invention. 

so The transmitter-receiver is provided with a channel coding portion (including an error-detection/correction coding 
portion) 1 1 for encoding information signals from a sound encoding/decoding codec (not shown) and a data portion (not 
shown), an quadrature modulating portion 12, a transmission-frequency converting portion 13, a transmission-power 
control portion 14, a frequency synthesizing portion 34, a clock-pulse generating portion 33, a received-frequency con- 
verting portion 26, an quadrature detecting (demodulating) portion 25, a diversity combining portion 24, an adaptive 

55 equalizing portion 23, discriminating portion 22, a channel decoding portion (including an error-detection/correction 
portion) 21, an environment estimating and selecting portion 31 and a control portion 32. 

In the transmitter side, the channel coding portion 1 1 encodes an information signal to form required TDMA frames 
in accordance with the channel. The quadrature modulator portion 12 orthogonally modulates the coded signal. Then 
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the transmission-frequency converting portion 13 through the frequency synthesizing portion 34 converts the modu- 
lated signal into a required radio-frequency signal to be transmitted over the network. The transmission-power control 
portion 14 controls transmission power of the radio-frequency signal. 

On the other hand, in the receiver side, a radio-frequency signal is received through an antenna and is converted 
5 by the received-frequency converting portion 26 with the frequency synthesizing potion 34 to a signal that can be sub- 
ject to baseband processing. The converted signal is orthogonally demodulated by the quadrature demodulating por- 
tion 25. 

In the shown embodiment, there are pairs of the received-signal converting portion 26 with the quadrature detect- 
ing (demodulating) portion 25, either one pair that yields a communication route with the better quality signal is selected 

to by the diversity combining portion 24. The adaptive equalizing portion 23 equalizes a waveform of the signal and the 
discriminating portion 22 outputs a binary digital signal. The channel decoding portion 21 decodes the digital signal to 
obtain a necessary information signal. 

The control portion 32 controls the operations of the portions and the whole communication system at predeter- 
mined timing using timing pulses generated from the clock-pulse generating portion 33. 

15 The environment estimating and selecting portion 31 generates a signal for setting one of communication environ- 
ments based on a manual selection of the predetermined conditions, automatic selection of information from the base 
station or estimation of the transmission channel (route). According to the signal outputted from the environment esti- 
mating and selecting portion 31, the control portion 32 selects a modulating method by changing the signal point for 
channel coding, selects an error-detection/correction method for the channel coding portion 1 1 and the channel decod- 

20 ing portion 21 and changes a number of multiplexing signals by changing a frequency dividing ratio of the clock-pulse 
generating portion 33. The control portion 32 can control the transmission power control portion 14 to control a trans- 
mission-power value and the adaptive equalizing portion 23 to select an adaptive equalizing method. The control por- 
tion 32 can also control the frequency hopping by changing a preset value of the frequency synthesizer 34 and controls 
the diversity selecting portion 24 to select a diversity route. 

25 The following description relates to a frame structure according to a TDMA format which is used as a data commu- 
nication format featuring the TDMA communication system of the present invention. 

Fig. 3 shows an exemplified structure of a TDMA frame to be used in the channel coding portion 1 1 shown in Fig. 
2. The frame has a constant frame length, a variable number of multiplexed slots and a variable modulation method, 
which is adaptable to use in different environments or at different user rates. 

30 As shown in Fig. 3, a frame-structure Fr having a constant frame length of 1 0 ms and is composed basically of slots 
for control (control slots) of down BCCH Sc1 and up/down SCCH Sc2 respectively and slot for communication (commu- 
nication slot) TCH Si. 

Communication environments are prepared with conditions preset at the base station. The transmitter-receiver ter- 
minal of each mobile station can be adaptable to any one of the prepared environments, which is selected by connect- 
35 ing a channel in an environment selected from a variable range of digital modulation method QPSK/16QAM at the 
quadrature modulator portion 12 and the multiplexing number of 4 to 64 according to a user rate of 128 kbps to 4.096 
Mbps and a constant number of bits in each slot. In Fig. 3, a ramp bit is denoted by character R, a preamble PR, a 
unique word UW, channel identifier CI, a control bit C, an information bit I, a CRC check Bit CRC and guard bit G. 

The number of bits in every slot is 480 (constant) A basic service rate signal 2B + D of the ISDN (Integrated Service 
40 Digital Network) can be easily transmitted by setting an l-to-C ratio in the communication slot Si at 8:1 and by making 
a user information transmitting portion 2B (2B= 64 kbps x 2 = 128 kbps) and a control information transmitting portion 
D (D= 16 kbps) correspond to I and C respectively. 

Fig. 5 shows an example of the unique word in the slot structure shown in Fig. 3. 

Fig. 4 shows an exemplified technical specification of respective environments in which the TDMA communication 
45 system according to the present invention must work. 

The operation of the TDMA communication system according to the present invention, which includes the mobile 
station provided with the transmitter-receiver and working with the TDMA format frame in respective environments hav- 
ing the specifications shown in Fig. 4, will be described below: 

As shown in Fig. 4, an environment P (walking) provides 64 slots per frame (10 ms) at a maximum user rate of 
so 2.048 Mbps and adopts a modulating method QPSK while an environment V provides 4 slots per frame (10 ms) at a 
maximum user rate of 128 kbps and adopts the modulating method QPSK. 

It is possible to use the processing circuit of the system in common for different user-information transmitting rates 
by changing the number of slots per frame at a constant number (480) of bits per slot. This can be realized by changing 
the clock of the hardware depending on a user-information transmitting rate. 
55 Although the above embodiment is described with the frame length of 10 ms, it can also work at the frame-length 
of, e.g., 5 ms to ensure compatibility of the system with PHS (Personal Handy Phone System e.g. RCR-STD 28). 
Accordingly, application of the method according to the present invention can facilitate miniaturizing the terminal 
devices. 
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On the other hand, a bit rate of carriers used for communication between the base station and the mobile station 
varies depending on the user-information transmitting rate as shown in Fig. 4. 

Different radii of service areas and different maximal rates of information transmission must be realized depending 
upon different communication environments (i.e., an office environment, a walking-speed environment, a vehicle run- 
5 ning-speed environment, a satellite environment, and so on). Therefore, each base station is provided with equipment 
that has different transmission power values, antenna gains and carrier bit rates in accordance with the different envi- 
ronments. 

The base station has a broadcasting channel (BCCH) for always broadcasting control information at different car- 
rier bite rates. The mobile station can previously know a transmission frequency, a carrier bit rate and a modulating 
10 method of signals from the base station. 

The mobile station receives control information over the broadcasting channel (BCCH) and is placed under the con- 
trol of the system constructed on the conditions indicated by the control information. The control information of the 
BCCH contains other information for the mobile station other than the carrier bit rate and the modulating method. 
Accordingly, the mobile station can know a possible communication mode from the BCCH received from a certain 
is base station. The user at a mobile terminal (station) can select a desired communication environment, i.e., a base sta- 
tion which provides the desired environment. The mobile station can also know which environments (i.e., base stations) 
are possible to use by scanning the broadcast channels from base stations existing in the service area where the 
mobile station moves. 

With the user's request, the mobile station can automatically select in a programmed procedure a base station 
20 where it is waiting for connection with another mobile station. The above-mentioned function for selecting a base station 
can be realized by previously registering the priority of base stations producing different communication environments 
and by selecting a suitable one according to the registered priority. 

The location of the mobile station is registered in the selected base station wherein the mobile station is in waiting 
state. 

25 TDMA/TDD (Time Division Duplex) system provides operation modes to be used for communication may have a 
very high correlation of propagation state between an uplink and a downlink when the frame length is sufficiently short. 
Therefore, the system can adopt an adaptive modulation method that changes a modulation method and a bit rate per 
slot instantly with the change in the transmission state by estimating instant CNR and a spread of a phase lag (refered 
to Technical Report of IEICE RCS94-64). 

30 Generally, an initial call negotiation between a base station and a mobile station determines the operating mode for 
communication, in which the base station and the mobile station work at a constant modulation method and a constant 
bit rate while the call is maintained therebetween. 

The required CNR/CIR value must be reduced since they may have a considerable influence on a bit rate, a cell 
radius and a required transmission power. 

35 The reduction of the required CNR/CIR value in the TDMA communication system according to the present inven- 
tion can be realized by applying any one of the following known methods: 

• High-speed transmission at a time from a plurality of stations (4-branch diversity): 

40 This method enables transmission with a transmission power of 1 0 W at a bit rate of 1 Mbps in a cell having a radius 
of not less than 2 km. (Tomisato and Suzuki, "A High-speed digital mobile radio communication system by using multi- 
transmitter signal transmission", 1995, IEICE society symposium B-386) 

• Interference canceling equalization (ICE) for improvement of CIR 

45 

This method can expand the system capacity for accommodating subscribers twice as much as PDC by making 
common use of the same frequency by two users in the same sector. (Suzuki and Hirade, "Capacity increase of TDMA 
mobile communication systems enhanced with interference cancelling equalizers (ICE)", 1995, IEICE society sympo- 
sium B-276) 

50 

• Dynamic channel allocation 

The simulation test results show that the efficiency of using frequencies is increased by dynamic channel allocation 
rather than fixed channel allocation, for example, 2.5 to 3 times by an ACCA method and 2 times by a segregation 
55 method. 
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to The Ministry of Posts and Telecommunications, "Final report on research and study of an intelligent radio-wave-utiliza- 
tion", April. 1994) 

• Adaptive modulation 

15 A system capacity can be increased by adaptively changing a QPSK/16QAM rate in the range from 1 to 1/8 accord- 
ing to CIR values at the periphery and the center of a cell. 

(Sampei et. al. "An analysis on the performance of variable symbol rate and modulation level adaptive modulation sys- 
tem", Technical report of IEICE. RCS94-64 (1994-09)) 

The adaptive equalizing portion 23 in the example of the transmitter-receiver of Fig. 2 can use the following types 
so of equalizers: 

An adaptive equalizer used in QPSK may be, for example, a combined type diversity decision feed back equalizer 
(DFE) that is featured by a saved capacity of its memory necessary for amount of operations and signal processing. 
(Shirato et. al., "A Combining Diversity DFE with Mode-switching", 1996, IEICE societysymposium B-463) 

An adaptive equalizer used in 16QAM may be a known type equalizer that has, by way of example, attained data 
25 shown in Fig. 6. Fig. 4 shows, by way of example, technical data of the system in which these means (including the array 
combining adaptive equalization) are applied, which data includes a cell radius, a transmission power, an antenna gain, 
a modulation method, a required CNR, a carrier bit rate, a user rate. 

On-Off control of the adaptive equalizers to save the power consumption of the system may be realized in such a 
way that CRC and RSSI (Received signal strength indication) are checked and the equalizer is turned on only if an error 
30 occurs with an intensive signal. 

Although the TDMA communication system according to the present invention was described above by way of an 
example with radio communication, the present invention is not restricted thereto and can be of-course applied to cable 
communication, e.g., a fiber optics communication system if it allows terminal stations to work by selecting one of dif- 
ferent communication environments. 
35 Advantageous effects according to the present invention as follows: 

(1) In the TDMA communication system according to the present invention, each mobile terminal to conduct com- 
munications in a plurality of different environments or at different transmission rates, thus eliminating the need for 
using different mobile terminals for respective different infrastructures as conventional systems require. 
40 (2) In addition to the advantageous effect of (1) mentioned above, an optimal mobile communication system can be 
constructed by using radio frequency as means for transmitting data signals. 

(3) In addition to the advantageous effect of (1) or (2) mentioned above, different communication environments 
overlaid in areas can be selected in an order of priority, thus making it possible to control usable links at increased 
efficiency. 

45 (4) In addition to the advantageous effect any one of (1 ) to (3) mentioned above, each mobile terminal can work in 
any one of the different communication environments such as an office environment, a walking-speed environment, 
a vehicle running-speed environment and a satellite environment. 

(5) In addition to the advantageous effect any one of (1 ) to (4) mentioned above, connection of a channel between 
a mobile terminal and a base station is automatically conducted by each mobile terminal that receives broadcast 

so data of generated communication environments from the base station and sets corresponding conditions according 
to the received data to connect itself to the base station. 

(6) In addition to the advantageous effect any one of (1) to (4) mentioned above, each mobile terminal can be selec- 
tively set by hand to conditions necessary for communication with a base station, thus realizing simple construction 
of the terminal in comparison with that of the terminal of claim 4. This also enables the terminal to be faster con- 

55 nected to the base station. 

(7) In addition to the advantageous effect any one of (1) to (6) mentioned above, a bit-error-rate in a fading channel 
can be improved, thus increasing the accuracy of communications. 

(8) In addition to the advantageous effect any one of (1) to (7) mentioned above, each mobile terminal can continue 
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the communication when it moves from one area into another area of different communication environment. 

(9) In addition to the advantageous effect of any one of (1) to (8) mentioned above, the communication system 

ensure compatibility with PHS. 

s Claims 

1 . A TDMA (Time Division Multiple Access) communication system for communicating between mobile stations and 
a base station using a TDMA method, characterized in that a TDMA format that has a constant time of a frame 
length and a constant number of bits in each of slots composing a frame is used as a common-use communication 

10 data format and the mobile stations and the base station is provided each with a communication device for process- 
ing communication signals based on the TDMA format, which device can operate in any one of a plurality of differ- 
ent communication environments designated by selecting a corresponding one of prepared sets of communication 
environment conditions each including a transmission power value, a modulation method, the number of multi- 
plexed signals and an error-correction method. 

75 

2. A TDMA communication system as defined in claim 1 , characterized in that communications between the mobile 
stations and the base station are made by means of radio communication in a selected communication environ- 
ment with the prepared communication environment conditions including additional conditions such as an antenna 
gain, a diversity method and frequency hopping. 

3. A TDMA communication system as defined in claim 1 or 2, characterized in that priority of the different communi- 
cation environment conditions are registered in a data base allowing the communication devices to select one of 
the communication environments according to the preset priority. 

25 4. A TDMA communication system as defined in any one of claims 1 to 3, characterized in that the plural sets of dif- 
ferent communication environment conditions are prepared for at least two of different environments comprising an 
office communication environment, a walking-speed communication environment, a mobile-running-speed com- 
munication environment and a satellite communication environment. 

30 5. A TDMA communication system as defined in any one of claims 1 to 4, characterized in that the base station gen- 
erates individually each set of the communication environment conditions and broadcasts information concerning 
to the generated communication environment conditions and each mobile station receives the broadcasted infor- 
mation and automatically selects a corresponding one of the prepared sets of the communication conditions 
according to the received information concerning to communication environment conditions. 

35 

6. A TDMA communication system as defined in any one of claims 1 to 4, characterized in that any of the prepared 
sets of the communication conditions can be manually selected and set. 

7. A TDMA communication system as defined in any one of claims 1 to 6, characterized in that an equalizer (23) with 
40 an adaptive equalization mode being changed according to a selected one of the communication environments are 

additionally provided for improving a bit error rate in a fading channel. 

8. A TDMA communication system as defined in any one of claims 1 to 7, characterized in that the system is provided 
with a data base for controlling whole communication environments of mobile stations and the data base is adapt- 

45 able to changing channel connections from one environment to another different environment. 

9. A TDMA communication system as defined in any one of claims 1 to 8, characterized in that the TDMA format is a 
format that can be used in common with a personal handy-phone system. 
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FIG.5 



PATTERN UW 

• CONTROL SLOT : "1 " IS ADDED TO A PN PATTERN OBTAINED BY 

THE FOLLOWING PRIMITIVE POLYNOMIALS 
UP X 6 +X+1 (INITIAL VALUE : 04octal representation) 
DOWN X 6 +X 5 +1 (INITIAL VALUE : 07octal representation) 

• COMMUNICATION SLOT: 48 BITS SELECTED FROM THE PN PATTERN 

UW PATTERN 

UP I -CH 01001001 1 1000101 1 1 100101 

INITIALVALUE:12(octal) Q-CH 01000001 1 1 1 1 1010101 1001 1 

UW PATTERN 

DOWN I -CH 0101001 1 1 1010001 1 1001 001 

INITIAL VALUE : 64(octal) Q-CH 1 1001 1010101 1 1 1 1 10000010 
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